Abstract-In this paper we propose a new model for characterizing the data traffic in a multi-media environment. We model the data traffic by a twostate doubly stochastic Poisson process, with SOjourn times in each state having an independent and identical heavy tided distribution. such as the h r e t o distribution. The simulation results from the new data traffic model are presented. The new model is versatile in capturing the self-similar characteristics of traffic found in the recent traffic measurements. We also suggest that the other two types of multi-media traffic namely, voice and video may each be characterized by a 2-state doubly stochastic Poisson process with exponential sojourn times (Le-, a Markov modulated Poisson process or MMPP).
I . INTRODUCTION
With the advent of B-ISDN, significant effort has been devoted to supporting real time traffic such as voice and video along with jitter tolerant traffic such as data traffic, in a packet switched environment. These wide spectrum of traffic sources (such as computer data, VBR video, voice.
etc.,) exhibit a diverse mixture of traffic characteristics, Hence it is imperative to develop a model that aptly characterizes the variabilty and statistical correlations of the packet arrival process. This model may then be used to evaluate the network performance (QOS, utility,etc.) or to evaluate the connection admission control and source policing algorithms.
Various models have been introduced in the literature, for the characterization of these sources. One such model is the ON-OFF source model, which has been successfully used to characterize traffic from a single voice source. The ON-OFF source model has three parameters Q. b and T and switches between 2 states: an active or (ON) state or (OFF) state when it generates no packets. The ON and OFF periods are exponentially distributed with parameters a and 6 respectively.
Video traffic, which is anticipated to occupy most of the bandwidth in the future broadband networks, is highly bursty. The characteristics of VBR video depend upon many aspects like information content of the video (eg. picturephone, broadcast television, teleconference, etc.).
Hence, modeling a VBR video is a n even more complex task since, the bit rate possesses a high degree of variability at different levels, namely at a scene level, frame level w-hen it generates packets at a constant r a t e r and a srlenf or intra frame level. For video sources, with uniform aceivity level, the continuous-time, discrete-state hlarkov model proposed by [l] , consisting of the superposition of many mini ON-OFF sources is an appropriate model. Though each type of traffic has been characterized by suitable models, there is a need for an aggregate model that could be used either as an easy means for obtaining the performance of the multiplexer to which the traffic is fed or for simulating the arrival process easily. Due to the co-existence of fractal and non-fractal traffic in the multi-media environment: the task of modeling the traffic mix poses a great challenge to the modeler. In the few aggregate models proposed [11] [12] troduces the new model for data traffic along with the simulation results while the third section briefly summarizes the technique used to approximate voice and video traffic.
Section 4 suggests a model to characterize the aggregate traffic and Section 5 concludes the paper.
CHARACTERIZATION OF DATA TRAFFIC
Earlier measurements of data traffic [lo] indicate that the message length distribution of data traffic is bimodal. Since a burst of packets are produced for each message, this also suggests that the burst of data packets may be bimodally distributed. As noted in [17] , if a source generates a long burst of data like file transfer among short bursts which may correspond to commands, the source traffic essentially consists of short and long bursts. Hence the net data traffic from many such data sources is also likely to be bimodal and can be rightly characterized as a switched Poisson process that switches between the longer and shorter burst rates. Till now many models based on switched Poisson processes (like Batch Poisson, MMPP,etc.,) have been proposed to characterize data traffic in broadband networks.
But recent studies [2] [3] [4] [5]
[6], of packet data traffic in local area networks have thrown more light on the characteristics of data traffic. The studies revealed that dahs traffic exhibits long range dependence and statistical self-similarity (or fractal characteristics), i.e., the traffic exhibits "burstiness" across a wide range of time scales ranging from milliseconds to minutes to hours. The characteristics of such traffic are markedly different from those of the traditionally used models to characterize data traffic. Such traffic is characterized by long range dependent correlations, a spectral density that diverges at the origin and by variances that decay as fractional power of the sample size. In It has also been proved in [18] that if 1 < a < 2 for the constituent processes then the resultant superposition of processes is self-similar with Hurst parameter H = ( 3 a ) / 2 . (The Hurst parameter is a measure of the selfsimilarity). The tail of the stable Pareto distribution decays far more slowly (by a power law) than an exponential distribution. X Pareto distributed random variable takes a larger value with a higher probabilty than an exponentially distributed random variable. Higher the value of cy, thicker the tail of the distribution. The distribution also possesses an infinite variance when 1 < cy < 2.
The above characterization gives an insight into the behaviour of the individual sources giving rise to a self-similar traffic stream. However. in practice, it is just sufficient to capture the self-similar characteristics of the aggregate traffic stream. Self-similarity is measured by the Hurst parameter H. Self-similar processes with 0.5 < H < 1 are also long range dependent. Processes with a high Hurst parameter (in the vicinity of 1) are highly bursty while those with a low Hurst parameter (near 0.5) are less bursty. Hence the Hurst parameter H is indicative of the resultant aggregated stream. The aggregated stream may directly be modelled by processes which can exhibit self-similar characteristics.
Based on these observations, we approximate the aggregate data traffic by a doubly stochastic Poisson process.
A doubIy stochastic Poisson process is a time dependent
Poisson process where the intensity function or the mean rate of occurence of events is a stochastic process. 691 illustrates the versatility of this process in characterizing self-similarity. The stochastic process considered in [9] is a continuous one. Here we model data traffic as a Poisson process alternated between 2 levels A1 and A?. The sojourn times in these two states are independent and identically distributed with Pareto distribution with parameter a. The two states of this switched Poisson process would correspond to the long and short burst rates. The sojourn time distribution is chosen to be a thick tailed one in order to capture the long term dependencies in ehe net arrivaI process.
This model was simulated and the Index of dispersion for [14] have been proposed to obtain the parameters of the resultant MMPP, when the constituent OS-OFF processes are bursty.
Hence the aggregate of voice sources and the aggregate of video sources may each be mapped into a \lMPP.
Iv. AGGREGATE TRAFFIC MODEL
The aggregate traffic model that we propose is shown in Figure 3 . As has already been explained the aggregate packet arrival process from Voice sources and Video sources may each be approximated by a 2-state SI\IPP. The data traffic may be modelled by the %state switched Poisson process proposed in Section '2. The resulting mode! is the superposition of three 2-state switched Poisson processes. giving rise to an eight state switched Poisson process as shown in Figure 4 . The model is simple and easy to simulate.
The superposition of voice and video may be represented by another MMPP using the property that the superposition of MMPPs is an MMPP. However, the process resulting from the superposition of the %state switched Poisson process for voice, video and data is quite involved. If it is possible to represent the resultant superposition by a 2-state process, then a queueing analysis of the model may We presented a new model for characterizing the data traffic in a multi-media environment. This switched Poisson process can capture the long range dependence found in data traffic. We also presented an aggregate traffic model for characterizing multi media traffic. This model while being simple is also versatile in that it can capture both fractal and non fractal properties of aggregate traffic.
Also, due to the simplicity of the resultant model mathematical analysis may be attempted at in order to determine the queueing performance of the aggregate traffic. This is left for future research.
